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ANTENNAS

UDC 621.396.677.494

- NEW POSSIBILITIES IN THE OPTIMIZATION OF THE CHARACTERISTICS OF ANTENNA
ARRAYS

Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian No 3, 1980 - pp 641-643

[Article by V. A. Pavlyuk, M. A. Martynov, and Ye. F. Krivosheyev, manuscript
received 25 Aug 78]

[Text] This work gives an evaluation of an essentially possible level of
an increase in the gain factor, absolute sensitivity, and permissible radia-
tion power of antenna arrays when utilizing the peculiarities of the super-
conductive state of the substance and optimal current distributions found
in compromise optimization of radio engineering parameters of discrete an-
tennas. Theoretical and experimental results obtained by the authors were
used as the initial information about the characteristics of normal and
superconductive elements of such devices.

As is known [1], for a discrete system of M identical elements with radia-
tion resistances Rg, , losses Rgp , and power directivity pattern q(u), con~-
sidering that complex currents iy and radius vectors of positions m are
- subjected to statistically independent random errors with a normal distri-
. ; bution law, the averaged gain factor in a selected direction has the form
of ’

IO (O]

G =g = D

M
@)= Y it
Here, el scalar product of vectors t=(iy ..., ix) and "= (exp (~1RF i),
cer, OXP (—jhTacy)) ‘in an M-dimensional space characterizing rated exciting
currents and the geometry of the systems; H-matrix of "mutual resistances";

T={1+0:") exp (Kop*+02)~1 - total variance defined by error variances in the
amplitude ©32, phase %2 and arrangement 6p2;

1
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The vector of currents found by the variational method which maximizes the
functional G(i) satisfies the equation

(= [H+ (ﬁ-—(:—m )E ]-‘zo, (1)

where E is a unit matrix.

It follows from (1) that, if we use the formulation of the problem of syn-
thesis, there appears an addition in the diagonal elements of the matrix
of mutual resistances: a parameter of regularization [2]. 1In this case, it
has a simple physical meaning connected with the stochastic nature of pro-
cesses, losses of energy in the antenna, and, as calculations showed, it
leads to stable current distributions even if the distances between the

: elements are smaller than A./2.

The solution (1) was achieved on anelectronic computer by a one-step iter-
ation method with an accuracy of 104, For an initial approximation, we
selected a linear equation i={g+si]-° solved by the Gaussian method with

selection of the main element in the column.

In the numerical studies of the characteristics of the antenna array in de-
termining the quality factors of the elements and their efficiency in a nor-
mal 1189 K or superconducting éBZK state as functions of the effective
length lg and the quality factor of the controls, the following evaluations
of the losses in the radiator Ry with the length of the wire L and antenna
circuit Rj in relation to the radiation resistance were used:

R,/R;:O,BG-!O"IR.LA @n)-t, (2)

Ry/Ry=25-10-*| Xaa |+ LaQy(01Cu) . (3)

Here, [,=(2N?)e(p/1):=+: , where the case of o = 0 corresponds to an elec-
tric monopole, and (A= 1 corresponds to a loop-type N-turn radiator with
the wire perimeter |}, < 0.25]; 2r is the diameter of the wire; Xz, -
reactive part of the input resistance; C“ -- insulation capacitance; Q; --
quality factor of the parts of the circuit which, at j = 0, corresponds to
the quality factor of the controls Qq , and, at j = 1, corresponds to the
quality factor of insulation Qy ; Rg -- surface resistance of the materials
whose value for superconducting lead is taken from [3]. Expressions (2) and
(3) are obtained by generalizing the known results [4] with consideration
for th: losses in the radiator, controls, and dielectrics. The values of

2
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Gy found in this way are in agreement with their measured values known at
the present time which are shown in Figure 1 and those obtained on super-
conducting lead and niobium radiators operating in radio-frequency trans-
missive cryostats at a temperature of liquid helium [5-8].

42K 300K _ 42K( 300K
B 7pb: Tou Er_ GPh /G;‘; , 06 (1)

20

2 05 10 0%/ .
a1 02 od

Figure 1. Calculated values of the efficiency (solid and
dashed curves) and relative gain factor (dot-dash curves)

as functions of the effective length and quality factor of
the controls for the characteristics of the circuit given

in [4] for the room and helium temperatures: 1 -- G, B,
Walker et al (400 MHz), 1969; 2 -- S. Adachi et al (300 MHz),
1976; 3 '-- circular frame antenna; dashed line -- asym~
metrical spike.

Key: 1., dB

The use of the data for single radiators in calculating the characteristics
of a linear equally spaced array with axial radiation from the frames makes
it possible to determine optimal distances between the elements d, t/jL on
which it is possible to achieve a maximum increase in the gain factor Gy
through the use of superconductivity and the mode of optimal currents.
Figure 2 shows the dependence of Gy and dg, /A on the perimeter { of a
single-turn loop (solid curves) and the numger of turns of the radiator with
Ioaw A/ (dashed curves) for arrays of 2 £ M= 15 elements. There is
an analogous behavior pattern of the dependences showing an increase in the
absolute sensitivity of the array

oK aaE
= = K BOE o
=R PRteg
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Figure 2. Relative gain factor and optimal distances between
the elements as functions of electrical dimensions of the ele-
ments and their number for an array with a maximum gain.
36a = 5%, 36'¢ =5°, 36, = 0.3%; £ = 300 MHz.
Key: 1. dB
2. Optimal

determined by the power of internal noise Py in its passband. Calcula-
tions indicate that the maximum excess of E, for the examined discrete sys=~
tems can be 50-70 d3.

Consideration of the external noise of the antenna (Tq ‘= 100° K [9]) and
the noise of the best preselectors in a normal The = 2000 K and cryogenic
Tpap = 10° K states [9] indicates that the use of the phenomenon of super-
conductivity leads to a decrease in the total noise to one quarter or one-
- seventh. Therefore, the gain in the real sensitivity of these devices is,
basically, determined by the value v/E%EEﬁ%ﬁ?‘ and, according to Figure

2, amounts to 10-30 dB. Evaluations of the value of the maximum power of
radiation showed that, in principle, it is possible to increase it by 40-50
dB due to the increase in the permissible current denmsities in the super-
conducting elements of the antenna.

The calculations of the characteristics of antenna elements performed in
this work with consideration for the effect of losses in the radiator, an-
tenna circuit and insulation which are in agreement with the experimental
data and the introduction of the synthesis of stochastic processes and power
losses utilized  in the formulation of the problem make it possible to state
that the obtained results are close to realistically attainable results,
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CERTAIN ASPECTS OF ASTRONOMY, SATELLITES AND SPACE VEHICLES

UDC 522.983.1

ESTIMATE OF THE POINTING ACCURACY OF A TELESCOPE IN AN AZIMUTHAL MOUNT B

g

Moscow IZMERITEL'NAYA TEKHNIKA in Russian No 1, Jan 80 pp 14-15
[Article by V. G. Shitov]

[Text] Because of design considerations, the widely used equatorial

telescope mount is sometimes replaced by an azimuthal mounting comprised

of two mutually perpendicular axles, one of which is vertical. These

mounts are used on radiotelescopes with a wide-diameter dish [Ref. 1, 2],

and also in large optical telescopes [Ref. 3]. However, the azimuthal . -
mount considerably complicates the system for automatic control of tele- -
scope motion. In particular, the automatic control system must contain

a converter for changing from the equatorial to the azimuthal coordinate

system.

Conversion from the equatorial to the azimuthal coordinate system is done
in accordance with equations that are readily derived from formulas of
spherical trigonometry [Ref. 4]:

cos O sin'{
sin @ cos § cosf — cos psin§

A= arclg &)

2= arccos (sin psing + cos @ cos b cos t), (2)

where A, z are the azimuth and the zenith distance of the object in the
azimuthal coordinate system; ¢ is the latitude where the telescope is
set up; 8, t are the declination and hour angle of the object given in
the eqnatorial coordinate system.

Expressions (1) and (2) imply that telescope motion with respect to both
axes is nonuniform and alternating as the object is tracked. Because of
severe requirements on the admissible error in training a telescope on
an object, it is desirable to know how sensitive the azimuth and zenith
distance are to various factors.

Three major components can be distinguished in the error: astronomical
errors, instrument errors, and errors of the automatic control system.

6

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200100003-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200100003-5

FOR OFFICIAL USE ONLY

Astronomical errors are those due to inaccuracy in determining the
coordinates of location of the facility, and inaccuracy of assignment

of the coordinates of the object in the equatorial system. Instrumen:
errors are those due to errors in setting the vertical axis of the tele-
scope, and deviation from the perpendicular between the horizontal and
vertical axis, and between the optical and horizontal axis. Errors of
the automatic control system are made up of errors in calculating the
instantaneous values of the coordinates, and errors in processing these
calculated values.

Since analysis of the influence of errors of the automatic control system
presupposes knowledge of the specific design, and knowr Instrument
errors may be very small or accounted for during coordinate conversion,
we will restrict ourselves to examining only astronomical errors. We
write the error with respect to azimuth as follows:

AA=S3A¢ + S As+ S7 AL, (3
where A¢, A6, At are errors with respect to latitude, declination and

hour angle respectively, and SA, Sg, S% are functions of sensitivity of
the azimuth to latitude, declination and hour angle.

Noting that (3) is the total differential of the function of the azimuth,

= we have
—_SA—' ws"irnA tgz, ()
0= ctgz,
A __ _Cosgsin{ "
=" . - )
Sf=sin(p-,l- cos ¢ cos Actgz. (6)

We have introduced the sensitivity functions in non-normalized form since
we were interested in absolute rather than relative errors. Graphs of
sensitivity functions plotted from (4)-(6) for different declinations

are shown in Fig. 1. Here and below, the latitude of the Crimean Astro-
physical Observatory is taken as ¢.

Similarly, for the error of zenith distance

pz= Sfp Ag-+ S AS+ S3AL,

where
) Sp=1cos 4,
g2 .. 08¢ sin § cos f—sin ¢ cos §
o sinz '

cos @ sin{ cos &
sinz

=
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Fig. 1

Graphs of these functions are shown in Fig. 2.

Let us determine the deviation of the optical axis of the telescope due
to errors with respect to azimuth and zenith distance away from the true
direction to the object. To do this, we consider the spherical triangle
whose vertices are the zenith point, the true position of the object, and
the point where the optical axis of tha telescope intersects the celes-
tial sphere. From the triangle it follows that

€05 x = cosz cos (2 Az} + sinzsin (z -+ Az) cos AA,
where x is the angular distance between the true direction to the object

and the optical axis of the telescope. Let us call the sensitivity of
the aiming error to astronomical errors the quantities

X
S;= A‘P *
X
=28 ™
Si=—r- (8)
8
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The sensitivity of the aiming error to each of the astronomical errors is
determined under condition that the other two errors are absent. A graph
of the function of sensitivity of the aiming error to latitude is shown
in Fig. 3 for different declinations.

Let us expand (7) and (8), using known
relations of approximate calculations.
For small Az and AA

cos(2+4 Az) ~ cosz—Azsinz,

sin(z2+Az) ~ sinz + Azces z,

cosAA ~ 1 __M .
2
Fig. 3 Considering these expressions, we find

S¥=1 and S¥=cos§, which are in complete
agreement with computer calculations dome by (7) and (8), showing the
applicability of the given assumptions.

- Thus it can be concluded that despite a sharp increase in sensitivity of
the azimuth to astronomical errors in the vicinity of the zenith, the
sensitivity of the aiming error does not exceed unity over the whole
celestial sphere. However, observations in the tracking mode in the
vicinity of the zenith are nevertheless difficult because of the high
azimuthal velocity (Fig. 1). Therefore more severe requirements with
respect to accuracy in dynamics must be imposed on the drive of the
azimuth axis. In addition, the drive of the azimuth axis must have

a greater range of velocities than the drive of the zenith distance axis.

The results of calculations have been used in designing the large gamma
telescope at the Crimean Astrophysical Observatory of the Academy of
Sciences of the USSR.
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COMPONENTS AND CIRCUIT ELEMENTS, INCLUDING WAVEGUIDES,
CAVITY RESONATORS AND FILTERS

UDC 621.391.3:621,372,06:518.5

DIGITAL COMPUTER SIMULATION OF A NONLINEAR TRACKING FILTER DURING MEASUREMENT
OF POISSON PROCESSES

Moscow RADIOTEKHNIKA in Russian Vol 1 No 1, PP 53-56

[Article by A, N. Mart'yanov and V. G. Tatasenko, manuscript received 4
Apr 79]

[Text] I. By observations of the conditional Poisson process N(t, A), it is
required, by the criterion of the minimum of the mean square of error (SKO),

to evaluate the vectorial Markov process x(t) satisfying the linear stochastic
differential equation

dx () = Fx(tyat + Gan (1), : (1)
where ¥ and 6 are the known matrix functions; 1 (t) is the vectorial
Wiener random process satisfying the Ito equation [1]. The intensity 7\(x)
of the Poisson process th, A (t, x)} is a nonlinear function of x(t) of
the kind of

A(f, X) = A {1 + a cos [d"x ()]},
2)

- wvhere g 1 -~ dimensionless parameter; dT -- transposed vector; A --
a certain constant, :

In works [2, 4], the following differential equations were obtained for this

problem which describe the procedure of finding a quasi-optimal evaluation
%
-— X (t)

dx* (£) = Fx? (1)t st [d47x* (£)) {1 + a cos (7 ()]~ B* () AN O —A(t, x*)at),
x* (£,) = M{x ({,)} 3)

and a covariance matrix of errors

d* (1) = FD* () at + D* (0yFrar 4 GGrat 4 B* (1) d (A cos [7ae (O] avD* () at
— A {a 4 cos {d*x* (O {1 + a cos [dIx* (O)};—=5* (1) dd"D* (£) dN (¢), D* (£) =
= COV [ X (£)] = M {[X (£a) — X* (£,)] | x (£a) —Xx* (£,)]%}, , 4)

10
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where dN(t) -- increments of the Poisson process N{ t, A (t, x)} in the
time interval dt; M{-} -~ symbol of the operation of mathematical expec=
tation.

Equations (3), (4) are nonlinear stochastic differential equations and can~-
not be solved by the analytic methods.

The accuracy characteristics of the class of nonlinear filters under study
can be evaluated by using the methods of digital simulation. One of the pos~-
sible approaches to the solution of this problem is explained below and some
specific examples are examined.

II. 1If we change from differential to finite differences in (1), then we
shall obtain a procedure for constructing the components of the vectorial
process x(t) [5]:

U ekt = Pt bt + Gane s
X (8 + Af) = x(t;) + Ax () X (fy) = Xq. 3

The increments of the Wiener procese can be simulated by using the algorithm
given in [6],

M(t)) = ¥ NoBIn () (6)
where No -- spectral density of the process uv(:)_—d;:'—n kt,); one of the

numbers of the selection of a discrete normal random process with M{n(f)}=0
and a single variance.

In accordance with the definition, ¢ N(t) assumes only integral values and
has the probability distribution function

t4dt T fgdt

P(k)-—k‘Texp'[—- S Az, x)&t][ S Az, ‘x) d‘!]*; AN =k, {7)
t

The sequence of integral numbers adhering to the distribution (7) can be
found by defining such a number k for which the following condition would
be fulfilled [7]

g T T T e g
8
_ }_“ — -}{ (l--Rp) > A= S A (t, x)ds, ®
1=1

where Ri -- ome of the numbers distributed evenly in the interval [0, 1].

11
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The integration step At in (5) should be selected as such at which the
following condition is fulfilled with a sufficient degree of accuracy:

Az, x)[{*diz const. 9)
The simulation of a nonlinear filter amounts to a simultaneous numerical
solution of equations (3) and (4) with consideration of (5) and substitution
in them of random aumbers A N obtained as a result of simulation instead

of dN(t) at each step.

1, First let us examine the simplest case when x(t) is a sum of a determined
and a random components

) =t + By, (10)

where W and fA ~-- known constants; X (t) -- one-dimensional Wiener pro-
cess with the parameter R-l satisfying the stochastic equation [1]

dy()=R"Mw(); w(t)~  normalized Wiener process of the first order,

Under these conditions, the evaluation equation (filter equation) and the
covariance matrix equation assume the following forms:

4R (f) = = fasin [of 4 BX* (0] {1 4 a cos [af + BX* (O]~ 1DF () (N Gy
— A {1+ acos of + X (O] e}, X* (1) = MOL(LY; an
dD* () = R=1dt 4 D" (1) Aaficos [af — BL¥ (£)] df — AR {a + c0s [of + B* (6]} X
XL+ acos [of + PLH(]|-1D¥ () dN (1), D* (1) = MK (t) —X* b} (12)

If the condition &5 93> R-l is fulfilled, then, by using the method proposed
in [3, 8], it is possible to transform (12) into an ordinary Riccati equation
whose solution for t 22 0 has the following form

i / V b' ([) = A — (1 = ity )
Dy R-1A (1 —(1 -~ at) %)) 4 R=11h {IR='A (1 — (1 — a9)!/H)112y
= 1= (1= a) P2 DEA 1 — (1 —a2) )t (R4 (1 ~(1 —az)l1%y ° (13)

Under steady-state conditions at t -——p 0O
: - Tip

D* () = tim D* (£) = {Rgi (1—(1— a=)”’l}

The example examined above occurs in problems of the evaluation of the phase
of a signal modulating the optical-frequency carrier with respect to inten-
sity, and equation (11) describes the structure of a quasi-optimal nonlinear
filter tracking the phase of the envelope of the optical-frequency carrier.

12
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Figure 1

In order to check the correctness of the obtained approximations, we find

the error variance D*(t) simultaneously from the solution of equation (13)
and by averaging the set of the realization of the integral curves of equa-
tion (12) obtained through its simultaneous solution with (11) and simulation
of processes X. (t) and N(t).

In order to reduce the expenditure.of the machine time, the integration step
in equations (11) and (12) must be as large as possible. But, on the one
hand, the integration step is determined by the condition (9) and on the
other, according to Kotel'nikov's theorem, the condition Ar<Te must
be fulfilled. In practice, the following is selected

M < o+ o (14)

- Thus, the most rigid integration step At is determined from the condi-

tions (9) or (14).

Figure la shows several models of the random process X (t) and its evalua-
tion X*(t) for different parameters of the intenmsity function Aft, X)),
and Figure lb shows error variances of the evaluation D*(t) found by solving
equation (13) and integral curves T*(t) from equation (12). It can be seen
that D*(t) can be considered as a mathematical expectation of P*(t) models,
which confirms the possibility of limiting oneself to the approximation (13)
- in studying this filter.

2, Let ‘-.(1)“\3';\\‘/‘ be represented in the form
{

¢ =S+ o i

0

where v(t) -~ normal random process satisfying the equation

dv ) = Fu(tyadt £ Cdalo), (15)
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w .. random value with a known distribution which can be described formal-
ly as dw(t) = 0.

~ A
In this case, vector x(t) and matrix functions F, G and d in equation (1)
and formula (2) assumed the following form

Xy
w

v({)

ORI EN

xy

Fe vouf;

w)\' joui
i|)0 F

It is more convenient to represent the vector-matrix equations of evaluation
(3) and covariance matrix (4) in the form of a system of scalar equations.
This makes it possible to reduce the expenditure of the machine time, be-
cause, due to the symmetry of the covariance matrix, it is sufficient to
solve n(n-1)/2 equations out of their total n2 number. At the same time,

the equations themselves becomge suqiﬁantlally simplified, because many of
the elements of the matrices F and G are zero elements.

L
o ""'”V/ v -
— .+_

Figure 2

In the case in question, it is impossible to obtain equations for the ele-
ments of the covariance matrix which do not depend on the evaluation x*(t)
and observed process N{t, A (t, x)} , and the accuracy characteristics of
the filter can be studied only by the” simulation methods.

The sequence of operations at all stages of simulation coincides with that
described in Part II of this article. A new point is the selection of the
initial conditions during the integration of the equations of evaluation and
the covariance matrix, since the behavior of the solution of a nonlinear dif-
ferential equation depends substantially on the initial conditions.

The initial conditions for the components of the vector k*(t) can be deter-

mined from the relation x¥(f,) —A{x(i:j}.

If at the moment of time to all compoaents of the vector x(t) are indepen-

dent, then the elements of D (to) which characterize the correlation be-

tween xj and xg for t = t, can be taken to be equal to zero. In the absence
0

of a priori information, the value of D iﬁEP) can be selected to be equal to
the steady-state value of the variance = o(w)= M{lxi(=) — M{x;(#)jJ} Of the

14
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corresponding component of x(t), However, if there are a priori data making
it possible to take Dz(higaf(wx then it will make it possible to reduce

the time of the transition of curve D*ii(t) to a steady-state solution.

Figure 2a shows the models of individual components and their evaluations of
the vector x(t) obtained for yarious parameters of the intensity function

(t, x) and matrices F and G, and Figure 2t: shows the behavior of the eval-
uvation error variance of the components ¢ and v(t) and the vector x(t).

It can be seen from the curves that the time of the transition to the mode

of stable tracking, when errors assume a steady-state value, depends not only
on the nature of the frequency fluctuations v(t), but also on the mean value
of A of the intensity function of the observed Poisson process,

The variance curves were obtained by averaging with respect to the set of
models of the integral curves of solutions of the equation of covariance
matrix,
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OPTOELECTRONICS, QUASI-OPTICAL DEVICES

UDC 621,37/39:534
ON SELECTION OF MATERIALS FOR MULTICHANNEL ACOUSTOOPTICAL PROCESSORS
Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian, No 3, 1980 pp 654-656

[Article by V. V. Proklov, V. I. Mirgorodskiy, S, V. Peshin, G. N. Shkerdin,
and D. P. Kanayev; reported at the 10th All-Union Conference on Quantum
Acoustics and Acoustoelectronics, Tashkent, May 1978, Manuscript received
18 Aug 78]

[Text] Multichannel acoustooptical processors (AOP) are promising devices
for the input of signals into systems of optical information processing,
particularly on intermediate frequencies of ~~ 100-300 MHz [1], Of great
interest is the increase of the informational capacity of the processed
signals which can be characterized by the product (NBTy), where N is the
number of identical channels, B and T are the width of the frequency band
and the length of signals processed in one channel [2]. The obvious ways of
solving this problem could be the increase of the broadbandness of the de=-
vices due to the widening of the relative passband and the physical volume
of the optically processed signal determined by the selection of materials
for acoutsic lines with a low speed of sound and great length along the
direction of its proupagation. However, the improvement of A0 [acoustoopti-
cal] devices by these means is substantially limited by the fact that, when
the sound frequency increases over 100 MHz, the absorption of sounds in-
creases considerably in most AO materials, and by the limitedness of the
dimensions of real crystals L (usually L~ 5-15 cm). This makes it neces-
sary to search for compromise solutions in the development of AOP, which
requires to use an algorithmized approach to the selection of structures
- and materials used. :

In order to determine the possible maximum values of the product (NBTp), it
is necessary to keep in mind the following relations:

1) the connection of the maximum length of the signal Ty with the length of
the crystal L

Ty = L/vg (1)

where vg is the speed of sound;

- 16
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2) the connection of the passband B with the central frequency f,
B = af,,, (2)

where a depends on the broadbandness of the piezoelectric sound converter
and on the matching of the light and sound fronts (usually a & 0.3);

— 3) limitation of the maximal useful length of the crystal L due to the ab-
sorption of sound in the material of the acoustic line

AL £ b, (3)
where the value of b depends on the concrete purpose of the AOP, but usually

15 b= 2. Taking into consideration that iu the majority of crystallic -
materials at frequencies over 100 MHz the absorption of sound growsquadrat-

. ically with a frequency of X« O, £2, we shall obtain from (V-(3)
an;—ib/aoL_;' ' (4)
i
(Brx)lnn -"p—fnn- (5)

In the case of multichannel AOP, an important parameter is the density of
the arrangement of channels in the crystal. On the one hand, the more
channels can be formed, the greater the resulting (NBTy), and on the other,
the density of the arrangement of chamnels is limited by the permissible
degree of channel overlapping,

In order to evaluate diffraction overlapping of sound beams in adjacent

channels situated on the plane (xy) of the end of the crystal at the dis-
. tance d from one another, it is necessary to calculate the sound field in

the crystal. In the approximation of the Fraunhofer diffraction, the area

of the overlapping of acoustic beams in two adjacent channels is expressed

by the relation [3] -
. B0 -

® s (6)

here, p is the height of the overlapping of two adjacent channels at the
end of the crystal, from which we shall obtain the following for dnin and )
_ amin ensuring the highest degree of compactness of the channels in the given

crystal: —
o | L1, ) _
N : O™ V% (1 ——;-15). (8)
17 _
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where /<< 1 is the relative overlapping of adjacent beams, a is the height
of the converter, and k 1s the wave vector of sound., The value of Npax with
the cross dimension Y, determined from (7) and (8) is

Y,

FRINTANE 3 B[P PLA[® [
2 - !‘% el 5 a BE L
i g, s 5 ~| 5_1|8 (BT puaxe| N, =
g | |Es 1 8 EEIE LY I et I <
$ 882 |38 % | 28 & |ak.|285|o88s z

11
QL | 427 | 25403 10 | 20| 590-| 10000 | s2 | 320000
Pl 5.%'6")” 857 | 20~ 20 | 2050 | 6735 | 51 | 343485
e RETEEATAR 1R IR

375 | ~1-40-

FoMoO | moom | 3% 173 31100 88 | 20| 27| 330

Key: 1. Material
2. Type of acoustic wave
3. Speed of sound, vg(1053 cm/sec)
4. Sound absorption, Ajgg pMyz(dB/cm)
5. Length of crystal L(cm)
6. Width of crystal H(cm)
7. Optimal sound frequency fopt (MHZ)
8. (BTI) max A
9. Npax
10. MTI)max
11, Displacive
12. Longitudinal

We used (4), (5), (7)-(9) in calculating optimal parameters of multichannel
AOP for various materials which ensure a sufficiently high effectiveness of
diffraction and at the present time are produced by the methods of indus-
trial technology with satisfactory dimensions and quality. The results of
the calculations are summarized in the table. In our calculations, it was
agsumed that a2 0.3; b =< 2; /..":‘ 0.1. It can be seen from the table
that the‘modt promising for multichannel AOP are single crystals of bismuth
germanate BijpGeOjp, K -iodic acid OA-HJO3 and lithium niobate LiNbO3.
It should be mentioned that the optimal working conditions of multichannel
AOP using LiNbO3 with which a maximum (NBTy) is achieved are at a very high
frequency (fopt = 2950 MHz), as a result of which there may occur difficul-
_ ties in the generation of a powerful sound, electrical insulation of adja-
cent channels, etc. When using O~ -HJO3, there arise difficulties connected
with the protection of optical surfaces of the crystals against atmospheric
influences and the technological complexity of producing an eccessively
- large number of channels (’me = 125). On the basis of the above, bismuth

18
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germanate, for which (BTy) = 10,000 and (NBTy) = 320,000!! on a relatively
low frequency of ~/ 590 MHz, is of particular interest for the creation
of multichannel AOP.

The experiments and analysis indicate that Bij,GeOgp is at the present time
most promising in multichannel AOP on frequencies over 100 MHz.
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UDC 537.533.3

HIGH-VOLTAGE AXIALLY SYMMETRIC ELECTRON~OPTICAL SYSTEM WITH CENTRIFUGAL
ELECTROSTATIC FORMATION AND DEEP RETARDATION OF ELECTRONS

Moscow RADIOTEKHNIKA I ELECTRONIKA in Russian No 3, 1980 pp 623-627
[Article by L. I. Andrikanis and N, S. Bunina, wmanuscript received 14 Mar 79]

[Text] The authors present the results of their calculations of
a high-voltage axially symmetric electron-optical system
with centrifugal electrostatic formation and deep retar-
dation of electrons (high-voltage gap 8 cm,depth of
electron retardation {f, /ﬂocol = 5, perveance with re-
spect to the potential of the collector P = (240-345)-
10-6 a/-3/2). ’

The method of centrifugal electrostatic formation of electron streams (TsEF)
[1] made it possible to develop a number of electron-optical systems (EOS)
ensuring a deep retardation of intenmsive divergent extended electron beamsi
[1-4]. These systems are intended for use in high-voltage electron-beam
switching devices.

EOS ensuring a heavy current, a small drop of the voltage in the device dur-
) ing the passage of the current, and high values of voltage when the current
- is switched off are of practical interest for the electron-ray switch. In
application to EOS, these requirements mean high values of the perveance
calculated by the potential of the accelerating anode and the collector,
deep retardation of electrons in the area adjacent to the collector, and
large values of the high-voltage gap. )

Earlier, works [2, 3] examined axially symmetric EOS with TSEF calculated
for the value of the switched voltage Ugyitched = 50 kV, which corresponds
to the length of a high-voltage gap L ap = 1 cm. This work gives the re-
sults of the calculations of EOS with a high-voltage gap of L ap = 8 cm,

- According to preliminary evaluations, this will make it possigle to make
calculations for the switching of a voltage with an amplitude of the order
of 400 kV. Calculations of a high-voltage EOS with TsEF were done accord-
ing to the KSI-BESM-6 program developed by I. M. Bleyvas et al [5].
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The diagram of the axially symmetric EOS with TsEF is shown in Figure 1.

An intensive divergent electron beam (1) leaves the cylindrical cathode (2),
is accelerated by the anode (3), and then moves in the retarding field of
the collector (4) and the forming electrode near the collector (5). During
the passage of the electron stream, the forming electrodes (6, 7) have the
potential of the cathode. When the high switched voltage Ugyitched 18 de-
livered to the collector, these electrodes, the anode, and the modulator

(8) receive a negative cutoff voltage.
. N
7 / \\

P i

o

Figure 1. Diagram of an Axially Symmetric Electron-Optical
System: 1 -- electron beam; 2 -- cathode; 3 -- anode; 4 =--
collector; 5 -- forming electrode near the collector; 6, 7
-~ forming electrodes; 8 -- modulator. 00' -- rotation axis.

The diameter of the cathode of this system is 200 mm, and the height of the

_ emitting surface is 28 wmm. The distribution of the potentials on the elec~
trodes under the cutoff conditions is such that the high-voltage gap is de-
termined by the distance between the collector and the anode, as well as
between the collector and the forming electrode (6),

The results of a numerical analysis of the EOS are shown in Figures 2, 3.
The distribution of the electric field in the system and the trajectories
of electrons are given for two values of the potential of the collector

col = 0.2 and 0.1 CPa, i.e., the calculations were done for the condi-
tions of energy recuperation on the collector and deep retardation of elec-
trons in the area adjacent to the collector. A good level of current pas-
~ sage is maintained in the system: at (Pcol = 0.2 @ 5, more than 95% of

the cathode current Icath Passes to the collector and the forming electrode
near the collector:;
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Figure 2. Results of the Computation of the EOS on an

Electronic Digital Computer.

Solid curves =- trajectories

of the stream tubes; dashed curves -- equipotentials.

OY -- rotation axis.
Key: 1. Forming electrode 5. Anode
_ 2, kv 6. Forming electrode near
3. Collector the collector
4, Cathode 7. Gap

Systems with TSsEF forming divergent curvilinear electron streams, as a rule,

length of the beam from the cathode to the collector.
system, the ratio of current densities for
for the extreme stream tubes is jp9/j1 2 20.
prevent

have a nonuniform distribution of the current demsity along the entire

For example, in this
@ col = 0.2 P, calculated
However, this does not
obtaining large values of perveance in this system. The perveance

of the EOS calculated by the anode potential is P, = 21,6.10-6 A/B3/2. The
perveance of the system with consideration for the retardation of electrons
calculated by the potential of the collector Pgo1 = 2401076 A/B3/2 for

Peo1=0.2 @ ,.
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Figure 3. Results of the Computation of the EOS on an
Electronic Digital Computer. Solid curves == trajectories .
- of the stream tubes; dashed curves -- equipotentials.
_ 0Y -- rotation axis.

Key: 1. Forming electrode 5. Cathode
2,V 6. Anode
3. Collector 7. Forming electrode near collector
. 4. kv 8. Gap

Calculations indicate that, as the retardation depth ¢,/ <Pc01 increases,
the structure of the field near the collector changes. The distribution of
the field near the collector in the EOS with TsEF with a lowered potential
of the collector is characterized by the presence in the vicinity of the
collector of a large potential decline zone -~ potential minimum [1,2].

The role of this minimum consists in delaying secondary electrons leaving
the open collector surface. Without this potential trap, secondary elec-
trons would get into the accelerating field and would move toward the anode.
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During the retardation C?a/ ('Pcol =5 (Figure 2), the minimum of the poten-
tial in the system's zone near the collector has the form of a ravine with
a potential gradient perpendicular to the trajectories of the electrons.

- This distribution of the field in the beam ensures the withdrawal of the
forming ions from the beam in the direction of the forming electrode (6).

WDle‘l’IIyMUIf (1)

n- YN

fﬂﬂﬂ,)// 1o

el AR

/o /" 600,/ 800 ouol
AR

/

Jo0o0

25000,

20000

15000
10000 +
5000
l 11 , l 1
14 5006 16300 15000 0000 {25000
Lygy=Gem

(7

Figure 4. Results of the Calculation of a Modified EOS on
an Electronic Digital Computer. ' Solid curves =-- trajectories
of the stream tubes; dashed curves =-- equipotentials,
0Y -~ rotation axis.
Key: 1. Forming electrode

2. v

3. Collector

4, kv

5. Cathode

6. Anode

7. Gap
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Further decrease in the collector potential <(a/ (P col = 10 leads to the
closing of the equipotentials in the zone of the minimum "‘?min =0.9¢c01.
Some of the stream tubes do not pass to the collector. The calculated pas=
sage of current under such conditions is I.5) = 85% I a¢p,. However, the
collector perveance increases sharply: Peol ™ 680-10'81\/33/2.

The EOS without a forming electrode near the collector shown in Figure 4 is
a modification of the electron-optical system for an electron-beam switch
described above., It is a somewhat simplified design of an EOS with TSEF
with the same high-voltage gap Lgap =8 cm. At (J,/ @ co1 = 5, more than
95% of the cathode current passes onto the collector. The minimum of the
potential in the vicinity of the collector is formed in the shape of a ra-
vine with a "run-off"” of ioms. The perveance of the system calculated by
the collector voltage is Piol = 345.10-6 A/B3/2,

The minimum value of the negative cutoff voltage ensuring a total cutoff of
the current during the delivery of the amplitude of the switched voltage to
the collector was determined by calculations for the EOS shown in Figure 2.
The device was cut off when collector received Ugwitched = 200 kV and the
anode, modulator, and forming electrodes near the cathode received Unod =
=10 kV. The maximum intensity of the electric field was near the anode,
being less than 5 kV/mm, which is a quite acceptable value.

In our opinion, the above calculations of an axially symmetric EOS with
TsEF with a deep retardation of electrons indicate that it is promising to
use systems of this kind in powerful electron-beam switches with energy re-
cuperation,
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CHESKiY SBORNIK. ELEKTRICHESKIYE APPARATY UPRAVLENIYA I AVOTMATIKI (Works
of the Moscow Order of Lenin Power Engineering Institute: Subject Collec-
tion. Electric Control and Automation Equipment) in Russian Issue 423, 1979,
signed to press 15 Oct 1979 pp 2, 71-72

- [Annotation and table of contents from book, M. Sh, Kulakhmetova responsible
editor, MEI Rotaprint, 300 copies, 72 pages]

[Text] The results of research and developments in contact and contactless
control and automation equipment performed at the Moscow Power Engineering
- Institute's Department of Electric Equipment Building.

These results pertain to the following areas:
regsearch and development of non-arcing contact equipment;
research on equipment with hermetically sealed contacts;
use of digital computers for calculation and study of the processes
within the equipment and their characteristics;
- equipment with liquid metal contacts;
study of the operating condition: :f cuwftching systems in various
environments;
- contactless electrical equipment;
a number of general theoretical questions in the area of electrical
equipment,

The broad range of questions encompassed in the articles holds interest for

- specialists and investigators working in various areas of electrical equip-
ment: electromagnetic devices, switching apparatuses for controlling various
pieces of electrical equipment, automation and relay protection equipment,
etc. Many of the questions set forth in the articles may also be used by
specialists from a number of applied areas of electrical engineering related
to the equipment.

The mathematical relationships presented in the ccllection, as well as in-
formation on new and prospective switching equipment and elements will be
useful for developers and scientific workers whose activity is associlated
with the creation of new electrical equipment.
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NEW ELECTRONIC ENGINEERING MATERIALS AND DEVICES PRESENTED

Moscow TRUDY MOSKOVSKOGO ORDENA LENINA ENERGETICHESKOGO INSTITUTA: TEMATI-
CHESKIY SBORNIK., MATERIALY I PRIBORY ELEKTRONNOY TEKHNIKI (Works of the
Moscow Order of Lenin Power Engineering Institute: Subject Collection.
Electronic Engineering Materials and Devices) in Russian Issue 403, 1979,
signed to press 19 June 1979 pp 2, 69-70

[Annotation and table of contents from book, M. Sh, Antipova responsible
editor, MEI Rotaprint, 400 copies, 70 pages] ‘

[Text] The articles included in the collection are devoted to questions of
modern electronic engineering and may be divided into 3 groups according to
the nature of the questions being examined. The first group concerns arti-
cles of a theoretical nature which deal mainly with calculations of qualita-
tive parameters of processes under study in actual and idealized physical
environments and the determination of electronic device characteristics.

The second group of articles includes theoretical research directed toward
the search for the possibilities of improving characteristics and parameters
of actual electronic devices on the whole or of their assemblies. The third
group unites experimental and theoretical articles devoted to research on
the properties of several known materials which are of interest for the crea-
tion of electronic and semiconductor devices as well as for development of
the methods and equipment with which the indicated research was performed.
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NEW USES FOR STRONG ELECTRIC FIELDS IN TECHNOLOGY

Moscow TRUDY MOSKOVSKOGO ORDENA LENINA ENERGETICHESKOGO INSTITUTA: TEMATI-
CHESKIY SBORNIK. ISPOL'ZOVANIYE SIL'NYKH ELEKTRICHESKIKH POLEY V TEKHNOLOGII
(Works of the Moscow Order of Lenin Power Engineering Institute: Subject
Collection. Using Strong Electric Fields in Technology) in Russian Issue
417, 1979, signed to press 16 November 1979 pp 2, 103-104

[Annotation and table of contents from book, M. Sh. Kulakhmetova responsi-
ble editor, MEI Rotaprint, 500 copies, 104 pages]

[Text] Articles by assctiates and students of the Department of High Volt-
age Engineering of the Faculty of Electric Power Engineering, the Department
of Electric Materials and Cables of the Electromechanical Faculty and the
Department of Electrothermal Installations of the Faculty of Electrification
and Automation of Industry and Transport are presented in this collection.

Diverse aspects of using strong electric fields in manufacturing processes,
for example during electric spraying of polymer coatings, and questions
concerning the active effect on atmospheric processes are examined in the
articles. :

A number of articles is devoted to analysis of the dangerous phenomena of
static electricity and methods for controlling it. .

Alonﬁ with the indicated questions, problems concerning the development of
high-voltage semiconductor devices and parametric current sources are ex-
amined in the collectionm.

Publication of this subject collection is conditioned by the importance and
the urgency of the task of developing methods for the direct exposure of a
material to an electrical field, by-passing the stage of intervening energy
conversion from one form to another. As applicable to manufacturing pro-
cesses, this method of exposure permits us to create fundamentally new,
highly efficient manufacturing processes.
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